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Sources of atmospheric CH4
Houveling et al., JGR, 1999
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Sinks of atmospheric CH4
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Biological sources of CH4
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Methanosphaera stadtmanae
Methogenesis occurs only under low redox conditions
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CH4 and ruminants
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CH4 and termites
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CH4 and wetlands
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CH4 and wetlands
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CH4 emissions from mires - seasonality
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CH4 emissions from rice paddies – management and water table
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McMillan et al., 2007, JGR
CH4 emissions from rice paddies – stoichiometry CH4:CO2
CO2
CH4
• During rice growth 1.9-2.4% 
of NEE emitted as CH4
• Annual CH4 losses ≈ 4.8 –
5.6% of NEE
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CH4 emission pathways
Source: CEPSAR
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Importance of plant mediated transport
Butterbach-Bahl et al., 1997, PCE
Butterbach-Bahl et al., 2000, Phyton
K. Butterbach-Bahl | IMK-IFU | March 2008
KIT – die Kooperation von
Forschungszentrum Karlsruhe GmbH
und Universität Karlsruhe (TH)
Importance of plant mediated transport
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Morrissey et al., 1994, Int. J. Rem. Sens 
Landscape CH4 exchange
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CH4 oxidation in upland soils
Butterbach-Bahl and Papen, 2002, Plant Soil
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CH4 oxidation and production in upland soils
Butterbach-Bahl and Papen, 2002, Plant Soil
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Nitrification
NH4+→NH2OH →NO2- →NO3- NO3-
NO N2O
Denitrification
NO3-→NO2- → NO → N2O →N2
N2ONO
N2NH4+
Plant and microbial
uptake/immobilisation/
conversion
Davidson et al., 1993, 2000
N trace gas emission =
• Rate or mass flow through the pipes
• Leaks through holes
N trace gas production in soils
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Temporal and spatial variability of N trace gas fluxes
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Anomalie due
to decreased
O2 availability
and additional 
substrat supply
Anomalie due to 
increased
O2 consumption
Temperature effect
Öquist et al., 2004, 
FEMS Microb. Ecol.
olst et al., 2007, JGR-Biogeosciences, subm.
Temporal and spatial variability of N trace gas fluxes
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Tg (1012 g) N2O-N a-1 
Natural N2O sources    
Ocean 18.5 3.0 (1.0-5.0) 
Tropical soils    
 Wet forests 18.5 3.0 (2.2-3.7) 
 Dry savannas 6.2 1.0 (0.5-2.0) 
Temperate soils    
 Forests 6.2 1.0 (0.1-2.0) 
 Grasslands 6.2 1.0 (0.5-2.0) 
    
Anthropogenic N2O 
sources 
   
Agricultural soils 20.4 3.3 (0.6-14.8) 
Biomass burning 3.1 0.5 (0.2-1.0) 
Industrial sources 8.0 1.3 (0.7-1.8) 
Cattle and feedlots 13.0 2.1 (0.6-3.1) 
    
Total N2O sources  16.2 (6.4-34.4) 
    
N2O sinks and atmospheric increase   
Stratospheric destruction 12.3 (9.0-16.0) 
Removal by soil microbes ? (?) 
Atmospheric increase  3.9 (3.1-4.7) 
 
IPCC 2001, 2007
Sources and sinks of N2O
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Strong peak emissions
after first rainfall events
Low N2O emissions &
high soil moisture
N2O emissions from tropical rainforests
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Bayesian calibration of the model 
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Model testing
Werner et al., 2007, Global Biogeochem. Cycl.
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Model testing
Werner et al., 2007, Global Biogeochem. Cycl.
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Model testing
Werner et al., 2007, Global Biogeochem. Cycl.
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Model testing Motivation
Strategy
Sites&Metho
Results
Australia
Global
Outlook
Werner et al 2007 Global Biogeochem Cycl
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Global GIS
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Global GIS
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Global GIS
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Global N2O inventory
erner et al., 2007, Global Biogeochem. Cycl.
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Interannual variability
Werner et al., 2007, Global Biogeochem. Cycl.
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Comparison with earlier estimates
• What is the area we are talking about?
(all N2O emissions scaled to the area used in this study)
• Matson and Vitousek 1990: 1.8 (2.4) Tg N yr-1
• Bouwman et al. 1995: 1.5 (2.3) Tg N yr-1
• Potter 1998: 1.3          Tg N yr-1
• Breuer et al. 2000: 2.6 (3.5) Tg N yr-1
• Stehfest and Bouwman 2006: 1.5 (1.2) Tg N yr-1) 
• This study: 1.3 (0.9 -2.4) Tg N yr-1
Werner et al., 2007, Global Biogeochem. Cycl.
